Motor Speech Disorders in Idiopathic Speech Delay and in Complex Neurodevelopmental Disorders Using the Speech Disorders Classification System: Supplement

The Precision-Stability Index
Tables S1 and S2 include the 13 perceptual and 19 acoustic signs of precision and stability of speech that comprise the 32-item Precision-Stability Index (PSI; Shriberg et al., 2010) . Table S1 is a facsimile of the PSI scoring sheet, and Table S2 includes information on the calculations completed by the PEPPER (2019) software for each sign. The PSI was developed as a measure to identify and quantify the SDCS classification of motor speech disorders termed speech motor delay. The 32 signs are divided into three domains of speech and seven domains of prosody and voice. Tables S1 and S2 are the PSI forms for individual speakers; outputs are also available that summarize findings from a group of speakers. A technical report includes additional psychometric information and empirical findings for this measure .
As shown in Figure S1 , the data for each of the signs are obtained from a standardized procedure to obtain a sample of continuous or conversational speech, including procedures useful for children with low verbal output (McSweeny, 1998; Shriberg & Kwiatkowski, 1985) . Phonetic transcription, prosody-voice coding, and acoustic analyses procedures are described and referenced in Shriberg et al. (2010) , with additional information in PEPPER (2019) . A database of 150 typical speakers used to standardize speech, prosody, and voice signs of speakers 3-17 years of age includes 5 males and 5 females at each age (Potter et al., 2012) . A reference database of 50 speakers used to standardize signs for 20-to 80-year-old speakers includes four speakers of the same sex for speakers across each decade from 20 to 69 years of age and five speakers of the same sex from 70 to 79 years of age (Scheer-Cohen et al., 2013) .
A z score cutoff of 1.25 is used to divide performance on each sign as within or not within the typical range. Directionality of the z score changes for some signs; for most signs, a minus z score indicates lower precision or lower stability. z scores equal to or less than 1.24 are considered "not positive" for the sign and coded "0." z scores greater than 1.25 are considered "positive" for the sign and coded "1." The PSI percentage score is calculated by dividing the number of positive signs by 32 (or less if missing data) and subtracting the quotient from 100, so that lower percentage scores reflect reduced precision and stability. As shown in Figure S1 , to be classified as PSI+ (i.e., SMD), a speaker's PSI score is required to be less than 70%.
The Dysarthria Index and Dysarthria Subtype Indices
Tables S3 and S4 include the 19 perceptual and 15 acoustic signs that comprise the Dysarthria Index and Dysarthria Subtype Indices (DI/DSI). Information for each of the signs is obtained from the same sample of continuous or conversational speech as used for the PSI and processed using the same transcription, prosody-voice, and acoustic methods and reference databases to standardize scores. Table S3 is a facsimile of the DI/DSI form for individual speakers; outputs are also available that summarize findings from a group of speakers. Table S4 includes information on the calculations completed by the PEPPER (2019) software for each sign. The DI/DSI were developed as measures to identify and quantify the SDCS classifications of motor speech disorders termed childhood dysarthria (CD) and CD and childhood apraxia of speech.
The 34 items that operationalize and quantify signs of dysarthria in the DI/DSI were based on the adult-onset signs of dysarthria, including the weightings of each sign ("1" or "2," bolded) for subtypes of dysarthria, as described in Duffy (2013) . A z score cutoff of 1.50 SD units is used to divide performance on each sign as within or not within the typical range. The same procedures used for the PSI scores are used to code each of the 34 DI/DSI items. Also, as described in Mabie and Shriberg (2017) , the item weightings for each of the dysarthria subscales shown in Table S3 (which are the same weightings as those in Duffy [2013] ) are used to derive percentage scores for each of the five dysarthria subscales. As shown in Figure S1 , three criteria must be met to code a speaker as positive for dysarthria. First, the DI score must be less than 80.0%. Second, two or more of the five dysarthria subtypes must have percentage scores less than 70.0%. Last, at least one dysarthria subtype percentile is required to be less than or equal to the 10th percentile (see , for how percentile reference data were obtained). Because the same signs are used in as many as three of the five indices, some of the five DSI have high correlation coefficients with one another . Until additional research is available, the descriptive percen-tile data are used only to support the possibility of pure or mixed subtypes of CD.
The Pause Marker and Pause Marker Index
The Pause Marker (PM) is a diagnostic marker to identify speakers with CAS and discriminate CAS from SMD and CD (Shriberg et al., 2017a (Shriberg et al., , 2017b (Shriberg et al., , 2017c (Shriberg et al., , 2017d . As shown in Figure S1 , speech data for the PM are obtained from the same sample of conversational speech as used for the PSI and DI/DSI and processed using the same transcription, prosody-voice, and acoustic methods and reference databases to standardize PM scores. There is no PM form to include in this Supplement. As shown in Figure S1 , CAS classification requires provisions for several quantitative outcomes.
The PM score is based on the occurrence of four types of inappropriate between-words pauses collectively termed Type I pauses. Tilkens et al. (2017) include reference information for the four Type I pauses as well as for the four inappropriate between-words pauses (Type II pauses) that provide additional information on speech processes for clinical and research applications in CAS.
The PM score is the percentage (subtracted from 100%) of Type I pauses that occur in 24 utterances of a continuous speech sample that meet eligibility criteria for the Prosody-Voice Screening Profile (Shriberg, Kwiatkowski, & Rasmussen, 1990) . A minimum of 40 between-words pause opportunities must occur in the speech sample in order to obtain a valid PM score. PM scores lacking 40 between-words pauses are classified as indeterminate. A PM score above 96% (PM−) is classified as within the typical range and the speaker is classified as negative for CAS (CAS−). A PM score below 94% (PM+) is classified as not within the typical range and the speaker is classified as positive for CAS (CAS+).
A PM score from 94% to 95.9% is termed a marginal PM score. To resolve the CAS classification of a speaker with a marginal PM score, findings from three signs termed the supplemental PM signs are used. CAS+ classification of a marginal PM score requires that at least two of the three supplemental PM signs (slow rate, inappropriate stress, transcoding errors) are positive. Marginal PM scores that cannot be resolved by SPMS findings (due to missing data or insufficient pause opportunities) are also classified as indeterminate.
To scale the severity of CAS for clinical and research needs, the Pause Marker Index divides PM+ scores into four ordinal levels (Shriberg et al., 2017d) . "Mild" CAS severity scores include PM scores from 90.0% to 93.9%, "mild-moderate" severity scores include PM scores between 85.0% and 89.9%, "moderate-severe" severity scores include PM scores between 80.0%and 84.9%, and "severe" severity scores include PM percentages below 80.0%. Note. PM = Pause Marker. Sqrt = square root; HNR = harmonics-to-noise ratio. The center is defined using the average first and second formant frequencies over the four corner vowels. Dispersion is the weighted mean of the corner vowels of the distance to that center. "Weighted" means each vowel occurrence is separately included in the dispersion calculation. In comparison, the center location calculation is unweighted. The average formant frequency pairs are separately calculated for each of the four vowels. The resulting four frequency pairs are then averaged to get the vowel center. The location of any vowel is the average first and second formant frequencies. Dispersion is the average distance of the location of each of the four corner vowels to the location of four. This is the average distance from the location of each corner vowel to the location of the other three corner vowels. The weighted mean of the length of the corner vowels. "Weighted" means each vowel occurrence is separately included in the calculation. This includes six monophthongs and five diphthongs. Cases where a phoneme occurs twice (e.g., "b" in "bob") count as two types. For a given phoneme in a type, consistency looks at just the corresponding position in the tokens for errors. Within a type, consistency is defined as the probability, for the selected phoneme, that any two randomly selected (without replacement) tokens have the same obtained result (considering either phoneme only or phoneme and diacritics). For error consistency, the two tokens are selected just from those with errors; for target consistency, they are selected from all the tokens (assuming at least one token has an error). For example, if three different obtained results occur with frequencies of I, J, and K, then this probability is:
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where N = I + J + K. To combine these probabilities over types, we weight each probability by N − 1, because a type with only one eligible token gives us no information. For our "numerator," we store the sum of each type's probability times its N − 1. For our "denominator," we store the sum of each type's N − 1. Target consistency considers only those types with at least two tokens where at least one has an error. Phoneme consistency considers just substitutions and deletions to be errors. 
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Decreased intensity difference, dB, fricative + vowel X For a fricative-vowel pair, the intensity difference is the intensity of the vowel in dB minus the intensity of the fricative in dB. This uses the average intensity difference over all fricative-vowel pairs in the transcript where both phonemes have been delimited during the acoustic analysis. 25 X F0 is the fundamental frequency at the characteristic point for those vowels and diphthongs that were delimited during the acoustic analysis. 26 X This is the overall maximum F0 minus the overall minimum F0.
27 X "Jitter is the cycle-to-cycle variation of fundamental frequency, i.e., the average absolute difference between consecutive periods." 28 X "Shimmer (dB) is expressed as the variability of the peak-to-peak amplitude in decibels, i.e., the average absolute base-10 logarithm of the difference between the amplitudes of consecutive periods, multiplied by 20." 29 X TF32 (Milenkovic, 2001 c ) calculates the SNR (signal-to-noise ratio) in dB. Increased percentage of weak consonants X The "check" diacritic. The "check" diacritic is used to indicate a weakly produced consonant. 4
Increased diacritic modification index class duration X The lengthened diacritic (:) or shortened diacritic (>).
5
Increased slow/pause time X Rate of less than two syllables per second due to long pause time only (prosody rate code 10). 6
Increased slow articulation/pause time X Rate of less than two syllables per second due to slow articulation and pause time (prosody rate code 9). 7
Decreased average syllable speaking rate (with pauses) X The average over the first 12 coded utterances given in the Prosody-Voice Screening Profile (PVSP) log of the number of syllables divided by the duration of the utterance as given in the acoustic analysis. 8
Decreased average syllable articulation rate (without pauses) X The average over the first 12 coded utterances of the number of syllables divided by the duration of the utterances, less the pause time. 9
Increased fast rate X Rate greater than four syllables per second for children or greater than six syllables per second for adolescents/adults (prosody rate code 11). 10
Decreased stability of syllable speaking rate X For any measure that occurs multiple times within a source, the stability of that measure can be calculated: Stability = 100*(1-StanDev/Mean) where "*" indicates multiplication, "/" indicates division, and "StanDev" is the standard deviation. If an item is completely stable, StanDev is zero and stability is 100. As StanDev increases as a fraction of the mean, the stability value drops. 11
Increased excessive/equal/misplaced stress X Inappropriate stress that is excessive/equal or misplaced (prosody stress code 15; see pp. 31-32 of the PVSP manual [Shriberg, Kwiatkowski, & Rasmussen, 1990] 
